Aims: To examine the association of midlife report of crisis following parental death (CFPD) during childhood and adolescence, with dementia at old age.
I ncreasing evidence shows that exposure to certain factors across life span (including early childhood and intrauterine phases) is associated with an increased risk for dementia. 1, 2 Among these are psychological factors such as proneness to stress and depression. 3, 4 The association of these factors with dementia may be affected by the age of the individual at the time of psychological assessment, 4 by proximity to the stressogenic event, or by the way psychological stress is measured, that is, proneness to stress versus exposure to objective stress.
Death of a parent during childhood is a significant stressful event, associated with morbidity, 5,6 mortality, 7 health-related behaviors, 8 and depression 9,10 during adulthood, each associated with late-life cognitive performance and with dementia. 3, 11 The importance of a life course approach has been recognized in other chronic diseases, enabling detection of periods of vulnerability to certain risk factors. 12 As the impact of a certain risk factor 13 and recommended treatments may differ according to the age of the individual at exposure, 14 preventive interventions considering a life course approach may help to identify optimal timing for intervention or modification.
In this study, the relationship of age at crisis following childhood and adolescence parental loss with dementia at old age was assessed.
METHODS

The IIHD Project
The sample of the Israeli Ischemic Heart Disease (IIHD) project was chosen by stratified sampling of civil servants and municipal employees aged 40 years and above in 1963. Sampling procedures, mortality, and followup have been described in detail elsewhere. 15 Of 11, 876 approached, 10,232 (86.2%) men agreed to participate and were enrolled in 1963. A more detailed description is available at the supplemental online version of ADAD, Supplemental Digital Content 1, http://links.lww.com/WAD/A13.
Diagnosis of Dementia
Dementia was diagnosed in 1999/2000 using a 2-step procedure as described in detail elsewhere. 15 A more detailed description is also available online at the supplemental online version of ADAD, Supplemental Digital Content 1, http://links.lww.com/WAD/A13.
According to the Israel Mortality Registry, 7136 men died by the beginning of the study in 1999; another 306 men died before being approached for a phone interview and 13 men were lost in the matching process. Detailed description about individuals assessed in 1999 is available online and in previous publications. 15 The follow-up study characterized the presence or absence of dementia in 1889 participants: 307 were demented, 175 had cognitive impairment not sufficient to meet diagnostic criteria for dementia [cognitively impaired not demented (CIND)], and 1407 elderly were cognitively normal (no cognitive impairment). As individuals diagnosed with CIND were not included in the analysis, the final sample for logistic regression models included 1417 participants.
Definition of CFPD
In 1965, participants were asked whether they had experienced a serious crisis, specifically, crisis following maternal or paternal death, in childhood, during adolescence, or as adults. If affirmative, they were further asked about the age range at which they had experienced the crisis, that is, 0 to 6, 7 to 12, 13 to 18, or >18 years. In the questionnaire, there was no specification as to the definition of crisis, and the answers of the participants were based on their subjective definition of crisis. The aim of the questionnaire was to detect CFPD rather than record the age of the participants at death of their parents; therefore, the group of participants classified in 1965 as "no CFPD" included a minority of individuals whose parents were still alive and individuals whose parents died but they did not report crisis following their death. The number of participants who suffered parental death but did not report it as a crisis is not known. However, we assume that the number of participants whose parents were still alive was small as the age of the participants in 1963 was 40 years and above and life expectancy in Israel in 1965 was 70. 16 Moreover, many of the participants immigrated to Israel after they and their families had been persecuted, further increasing the odds ratios that their parents had died by 1963 to 1965.
Assessment of Anxiety
Assessment of anxiety in 1963 is described in detail at the supplemental online version of ADAD, Supplemental Digital Content 2, http://links.lww.com/WAD/A14, and in previous publications. 15 
Socioeconomic Status Index
Assessment of socioeconomic status index (SES) in 1963 is described in detail at the supplemental online version of ADAD, Supplemental Digital Content 2, http:// links.lww.com/WAD/A14, and in previous publications. 15 
Statistical Analysis
An order-directed score test of trend developed by Cusick, 17 an extension of the Wilcoxon rank-sum test, was used to examine the departure of sample results, consistent with a 'dose-response' association between age-at-parental death crisis report categories and late-life dementia prevalence, from a null hypothesis of an independence of dementia rates from the above categories.
Logistic regression was used to estimate the covariateadjusted odds ratios for dementia prevalence, associated with having been at each of 3 different childhood and adolescence age groups during CFPD (0 to 6, 7 to 12, and 13 to 18 y), compared with the group that reported CFPD after the age of 18 years. Logistic regression was also used to estimate the covariate-adjusted odds ratios for dementia in participants who reported CFPD after the age of 18 years compared with participants who did not report CFPD. Adjustment was made for age, socioeconomic status, and order of birth and country of birth.
The study was approved by the Sheba Medical Center ethics committee.
RESULTS
In 1965, 9715 participants of the IIHD who were recruited in 1963, returned for examination. Of these, 9362 answered questions relating to CFPD. Dementia evaluation was performed in 1889 survivors of the original cohort, 1652 of whom were interviewed in midlife about CFPD. CFPD-P at each of 3 different childhood and adolescence age groups (0 to 6, 7 to 12, and 13 to 18 y) was reported among 2252 individuals participating in the original cohort (24.0%) and among 241 survivors in 1999/2000 who were evaluated for dementia (14.6%). Crisis reported following maternal parental death (CFPD-M) at each of 3 different childhood and adolescent age groups was reported in 1488 individuals participating in the original cohort (15.9%) and 169 survivors who were evaluated for dementia (10.2%) in 1999/2000. One hundred eight (6.5%) survivors reported CFPD-P at the age of 18 years or above and 71 (4.3%) reported CFPD-M at the age of 18 years or above.
Description of Study Participants With CFPD Data Sociodemographic Characteristics
Report of CFPD-M at any age was associated with lower midlife socioeconomic status. Of those who did not report CFPD-M, 22.9% were in the lowest socioeconomic status group in midlife compared with 35.8%, 32.0%, 30.6%, and 23.6% in those who reported CFPD-M at the age groups of 0 to 6, 7 to 12, 13 to 17, and >18 years respectively. Moreover, participants who reported CFPD-M were also less likely to be in high socioeconomic groups in midlife compared with those who did not report CFPD-M (w 2 =36.89, degree of freedom=12, P<0.0005) ( Table 1) . Similar results were obtained when CFPD-P was examined (w 2 =42.49, degree of freedom=12, P<0.0005).
Relatively fewer participants who reported CFPD-P at age 18 and above were born in the Middle East (Arab countries, Turkey, and Iran) or North Africa ( Table 2) . Participants who reported CFPD at the age of 0 to 6 years included a higher percentage of last-born children ( Tables 1, 2 ).
Midlife Cardiovascular Characteristics
As presented in Table 3 , men who reported CFPD (maternal or paternal) at different age groups did not differ in midlife cardiovascular profile from men who did not report CFPD. There were some differences in midlife diabetes rates, but no consistency was observed in the relationship between diabetes rates and CFPD at different ages (Table 3) .
Midlife Anxiety
Anxiety rates in midlife, 27 years or longer after parental death did not differ between groups. An anxiety score of 3 (highest) was recorded in 4.3% of those who did not report CFPD-P and 4.2%, 4.1%, and 4.8% in those who reported CFPD-P at ages 0 to 6, 7 to 12, and 13 to 18 years, respectively. This anxiety score was recorded in 4.2% of those who did not report CFPD-M and 5.1%, 4.2%, and 3.7% in those who reported CFPD-M at ages 0 to 6, 7 to 12, and 13 to 18, years respectively.
Survival In 1999/2000 by CFPD group
Death rates per 100,000 years by 1999/2000 were 521 among participants who did not report CFPD-P and 513, 548, 538, and 525 among those who reported CFPD-P at ages 0 to 6, 7 to 12, 13 to 18, and Z18 years, respectively. Death rates per 100,000 years by 1999 were 522 among participants who did not report CFPD-M and 533, 536, 523, and 524 among those who reported CFPD-M at ages 0 to 6, 7 to 12, 13 to 18, and Z 18 years, respectively. Thus, death rates by 1999 per 10,000 person years did not differ between groups according to age at reported CFPD (maternal or paternal).
Associations of Parental Death at Different Age Groups With Dementia at Old Age
Relationships of Age at CFPD-P With Dementia
Dementia prevalence rates in participants who survived by 1999/2000 were 17.3% for those who did not report CFPD-P and 29.8%, 21.4%, 20.9%, and 11.1% respectively for participants who suffered CFPD-P at the ages of 0 to 6, 7 to 12, 13 to 18, and >18 years. Controlling for age, the odds ratios for dementia, relative to individuals who reported crisis following paternal death at ages above 18 years, were 3.06 (95%CI: 1.42-6.61), 2.15 (95% CI: 0.87-5.31), and 2.35 (95%CI: 1.05-5.28) for those who reported CFPD-P at the ages 0 to 6, 7 to 12, and 13 to 18 years ( Table 4 ). The nonparametric trend test yielded z, À 3.22 (P=0.001). Adding order of birth, SES, and country of birth to the logistic regression did not change results materially (Table 4 ). Age-adjusted odds ratio for dementia was 0.60 (95% CI:0.32-1.11) for those who reported CFPD-P at the age of 18 and above compared with all the participants who reported no such crisis at any age.
Relationship of Age at CFPD-M With Dementia
Dementia prevalence rates in participants who survived by 1999 were 17.4% for those who did not suffer CFPD-M and 27.1%, 29.3%, 23.2%, and 9.9% respectively for participants who suffered CFPD-M at the ages of 0 to 6, (Table 4 ). The trend test yielded z, À 3.22 (P=0.001). Adjusting for order of birth, SES, and country of birth did not change results materially (Table 4 ). Similar to the results for paternal death, age-adjusted odds ratio for dementia was 0.52 (95% CI: 0.24-1.15) for those who reported CFPD-M at ages above 18 years relative compared with all the participants who reported no such crisis at any age.
DISCUSSION
The present study showed that reported CFPD during childhood and adolescence is associated with higher risk for dementia at old age compared with the report of such crisis at ages of 18 years and above and with no report of such crisis. Odds ratios for dementia were highest for those who reported CFPD-P at the age of 0 to 6 years and for those who reported CFPD-M at the age of 7 to 12 years and decreased thereafter with increasing age of crisis.
In participants who reported CFPD at ages above 18, risk for dementia at old age among survivors was reduced compared with participants whose parents died but did not report such a crisis or those whose parents were still alive in 1965. Considering participants' ages, life expectancy at the time (70 y), deaths in wars, pogroms, and the Holocaust, the majority of participants must have lost their parents by the time of the study.
Exposure to trauma and parental loss at young age have been reported occasionally to affect morbidity later in life 5, 6 and mortality. 7 Higher rates of cardiovascular morbidity, smoking rates, and type II diabetes, all risk factors for dementia, 11 were found in individuals who were exposed as children to traumatic experiences, even 60 years after their occurrence. 8, 18 Parental death in children and adolescents may also be associated with decreased family income, marked distress, depressive symptoms, social withdrawal, and academic difficulties, of significance long after parental death. 9, 10, 19 Low education, low income in early life, and short stature 20, 21 have been associated with late-life dementia. In our study, reported CFPD at different ages and absence of CFPD were not associated with midlife cardiovascular profile, diabetes rates, or smoking status, whereas early CFPD was associated with lower socioeconomic status in midlife. Survivors' dementia remained Depression, a possible mediator between early-life CFPD and late-life cognition, was not measured; however, anxiety (measured as a tendency to experience tension, fear, and/or sleeping problems), which is closely associated with depression, 22 was measured. Groups of participants stratified by age at reported CFPD did not differ in anxiety score. The tendency for increasing risk for dementia with decreasing age at CFPD may be, at least partially, explained by the fact that in parentally bereaved children and adolescents, child's age is significantly correlated with mental health outcomes, younger age being associated with increased mental health problems. 23 A child who loses a parent may have less-developed internal coping mechanisms and may be overwhelmed and thus may have nonefficient familial support system. Adults who lose their parents may be less overwhelmed and more resilient to such a trauma.
The association found in our study of decreased dementia prevalence in survivors who reported CFPD at ages of above 18 years, may be explained by the possibility that in adults, tendency to report such a crisis is an indicator of more effective coping skills, such that it enables help-seeking behavior, appreciation of life, strengthening of emotional bonds, and growth from traumatic events. 24 Report of CFPD at different ages was not associated with decreased survival by 1999/2000, which was the time of dementia assessment, reducing the likelihood of survival bias effect. In addition, baseline variables related to high risk of mortality, mainly smoking, diabetes, and hypertension, did not differ between groups of participants stratified according to age at reported CFPD for the entire IIHD cohort, or in those who survived until follow-up in 1999/2000. Consistent with our findings, death of father at early life was associated with an increased risk for dementia in later life in the Cache County Study, 25 in which paternal death before the age of 5 was associated with a 3-fold increased risk for dementia (odd ratio=3.0; 95% CI: 1.1-8.4). This risk ratio was similar to the dementia prevalence ratio found in survivors of our study. In contrast, maternal death at an early age was not associated with dementia. The discrepant results may result from report of parental death, rather than reported CFPD, with dementia, in Cache. The life period in which participants were interviewed regarding parental death differed between studies (midlife in our study vs. old age in the Cache County Study). In the Cache County Study, participants whose parents died after the age of 19 were grouped with participants who still reported parents living as adults, and thus comparisons with the decreased risk associated with reported crisis because of parental loss at an age >18 found in our study are not possible. Furthermore, circumstances of parent's deaths were perhaps not as violent in Cache County as they were in Jewish migrants to Israel from countries undergoing great turmoil.
The main limitation of this study, as described previously, is the lack of information on the incidence of dementia in the participants from the original IIHD study reported dead before the follow-up study was conducted. Another limitation pertains to the fact that only male participants were included in the current study. In addition, only CIND participants who were identified in the second phase of cognitive assessment were excluded, and there is a possibility that some CIND participants received a TICS-m score above the 27 cut off score, thus being classified as cognitively normal. Although the number of individuals participating in the sensitivity sample was relatively small, this sample was randomly selected from the group of individuals whose TICS was 28 to 29, that is individuals at the highest risk of being erroneously classified as cognitively normal. Indeed, assessment of these individuals by a clinician at their residence showed the TICS cut off point (>27) to be highly sensitive, even to CIND. Another limitation was at-home assessment of dementia based on participant's and informant's report (Dementia Questionnaire) combined with the Mini Mental State Examination, rather than on a broad neuropsychological battery. In this regard, it is important to emphasize that assessment of cognitive status was directly made by a physician with expertise in dementia, which enhances the certainty of the assessment.
Lack of data regarding the numbers and midlife health and psychological characteristics of most of the study participants who suffered parental death but did not report crisis following this loss limits our ability to interpret the results as related to the crisis following parental loss per se compared with loss of the parent.
The strengths of our study are the relatively large sample size, longitudinal design, and evaluation of CFPD at midlife, when answers regarding childhood experiences are not expected to be affected by the dementing process. In addition, an abundance of data regarding midlife demographic, psychological, social, and biomedical data, all of which may affect late-life cognitive status, were available to us. These variables have been controlled for when analyzing the association of age of individual at parental death and dementia risk.
Our findings support the potential contribution of early-life events to late-life dementia risk. Future studies should assess possible physiological and environmental mechanisms for this association.
